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Today
• What is important?	


• Giant planet visible spectra 101	


• Deriving cloud heights from narrow band images	


• Deriving methane abundance from spectra	


• Spectral Resolution	


• Polarization	


• Lessons for space based coronagraphs
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Slipher 1909 spectra
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Marley et al. (1999)
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“Baines	  Diagram”
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KEY concept is that CH4 does not condense for our objects



“Baines”	  diagram	  for	  Uranus
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Imaging

Hammel+



Weak	  methane	  (727	  nm)

Continuum	  (751	  nm)

Chanover+:	  Air	  Force	  Advanced	  Electro-‐Optical	  System	  (AEOS)	  3.6-‐m	  telescope	  on	  Maui



High	  Clouds	  on	  Uranus
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Hammel	  et	  al.



Shoemaker-‐Levy	  9	  Impact	  on	  Jupiter	  seen	  with	  Hubble



• Ground based Jupiter 
monitoring from A-
Mountain in Las Cruces	


• Decades of coverage	


• Broad band imaging + 
weak and strong CH4
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H2	  Important	  in	  Ice	  Giants

Sromovsky	  et	  al.	  (2014)

H2-H2



Uranus	  with	  Hubble/STIS	  

Methane	  depletion	  in	  both	  polar	  
regions	  of	  Uranus	  inferred	  from	  

HST/STIS	  and	  Keck/NIRC2	  
observations	  

!
L.	  A.	  Sromovsky+	  (2014)



Uses of Broad Band Images
• Cloud heights	


• Atmospheric features	


• Wind profiles, dynamics	


• Center-to-limb brightness 
variations	


• Cloud height primarily relevant 
to exoplanets



Spectroscopy
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Iteratively derive cloud height & abundances
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Example



Classic 1979 paper on deriving giant planet abundances



Data: Visible spectra 400 -1000 nm



Step 1: Cloud Model

First use H2 quadrupole lines (Carleton & Traub(!)1974) to 
constrain 1 cloud parameter. Not an option for us.!
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Step 2: CH4 Abundance

Cloud model 
plus equivalent 
widths of two 
other methane 
bands gives CH4 
abundance



Step 3: Consistency Checks

• Utilize entire spectrum to check derived 
abundance	


• Further constrain high altitude hazes and NH3 
abundances	


• Mainly by bootstrapping using multiple CH4 
bands plus continuum	


• Caveat: also cross-checked with CTL profiles



Accuracy?



Accuracy?



Required Spectral 
Resolution



To retrieve abundances 
need to constrain both 
cloud height (absorbing 
gas column) and band 
depths.  For this need 
multiple bands plus 
continuum.
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Jupiter R=50



Jupiter R=25



Jupiter R=10



Ice Giant R=100



Ice Giant R=50



Ice Giant R=25



Ice Giant R=10



Polarization?



Baker et al. (1975)



Baker et al. (1975)

1 citation



Conclusions
• Decades of experience extracting atmospheric 

composition for solar system giants	


• Both methane AND continuum samples are CRUCIAL 
for determining altitudes and compositions	


• Observing more than one methane band REQUIRED to 
constrain altitudes and abundances	


• Spectral resolution R~75 higher priority than polarization	


• Final thought: Just detecting CH4 is not very interesting
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